Two murine monoclonal antibodies (MAbs) specific to Paracoccidioides brasiliensis (as determined by enzyme-linked immunosorbent assay [ELISA] and Western blot [immunoblot]) were produced by using a modification of standard hybridization protocols, with cyclophosphamide included as an immunomodulator to abolish responses to highly cross-reactive immunodominant epitopes. MAbs PS14 and PS15 are two different clones which exhibit similar characteristics by ELISA and Western blot. They are directed against a 22-to 25-kDa antigen which is present in P. brasiliensis and which could not be identified in other dimorphic fungi by ELISA or Western blot. Partial purification of the antigen was accomplished by isoelectric focusing, and deglycosylation studies suggested that the 22-to 25-kDa antigen is a glycoprotein with a pl of between 4.5 and 5 and that 0-linked sugars may be part of the recognized epitope. The MAbs stained the cytoplasm of P.
Paracoccidioidomycosis, a disease caused by the dimorphic fungus Paracoccidioides brasiliensis, is one of the most prevalent deep mycoses in Latin America (9, 16) . There are multiple clinical manifestations of this disease, and it can present in either a disseminated or a localized form and as a chronic or a subacute disease (1, 6, 7, 19) .
As a result of the wide variety of clinical presentations and despite the fact that serological tests give indirect evidence of infection with P. brasiliensis (3, 17) , the definitive diagnosis of the disease requires the microscopic identification of the fungus, in clinical material when possible (5) . More often diagnosis is delayed until the isolation of the fungus by culture at the laboratory.
The histopathological features of the tissue response in paracoccidioidomycosis are not specific, being similar to those of blastomycosis and coccidioidomycosis. Typical P. brasiliensis multiple budding yeast forms are not always found. If small intracellular yeast forms are present or if the tissue contains only P. brasiliensis blastospores, which are often intracellular, it is difficult to differentiate them from Histoplasma capsulatum. When old fibrogranulomatous or calcified lesions occur, especially in the lungs, typical multiple budding cells are almost never seen; P. brasiliensis yeast forms are usually distorted and fragmented and appear as empty shells of various shapes and sizes which stain poorly even when special fungal staining procedures (such as methenamine silver stain) are used. These fungal structures can be confused with small empty spherules There are very few data in the literature on the use of immunohistochemistry in the histopathological diagnosis of paracoccidioidomycosis. Kaplan (13) reported the use of immunofluorescence for the identification of the fungus in tissue sections. By using two different batches of fluorescein-conjugated rabbit polyclonal antisera, good fluorescent labelling was achieved in that work, but without specificity because of high degrees of cross-reactivity, mainly with C. immitis, H. capsulatum var. capsulatum and H. capsulatum var. duboisii, Sporothrix schenckii, and B. dermatitidis. The degrees of cross-reactivity varied with the different fungi and the batch of polyclonal sera used. Conjugates had to be sequentially adsorbed with different fungal antigens and tested to ensure specificity.
There are no published data on the use of monoclonal antibodies (MAbs) in the identification of P. brasiliensis in tissue sections. The production of MAbs against fungi has been hampered by the high degree of cross-reactivity between species. The main components of the P. brasiliensis cell wall, in either the mycelial or yeast form, are glucans (15) . Carbohydrates are highly immunogenic and are often shared among different fungi. Our group has already described a modified MAb production technique (14, 21) in which cyclophosphamide is used to suppress mouse B-cell responses to epitopes shared among similar fungal antigens. This has made it possible to produce species-specific MAbs (4, 10, 11) , allowing the partial characterization of specific fungal glycoproteins (12) .
In this paper we describe the production of two MAbs specific for P. brasiliensis, MAbs PS14 and PS15, which exhibited similar characteristics when tested by enzyme-linked immunosorbent assay (ELISA) and Western blot (immunoblot). Slides were counterstained with hematoxylin and mounted in Uvinert mounting medium (Gurr).
RESULTS
Hybridoma production. Cyclophosphamide-treated mouse sera showed a differential response, with a high ELISA titer against P. brasiliensis YCA and a low titer against S. schenckii YCA. The mouse showing the greatest difference in the response was selected for the fusion protocol. Control mouse sera, which were not cyclophosphamide treated, showed similar ELISA titers with both fungal antigens (data not shown).
After successive subcloning by limiting dilution, 14 different clones were selected. Two immunoglobulin Gl hybridoma lines (MAb PS14 and MAb PS15) which showed high specificities against P. brasiliensis antigens by ELISA and Western blot and which behaved similarly when used as labels in immunohistochemical procedures were grouped as the PS15 group.
The remaining hybridoma lines showed different degrees of specificity, and they will be further characterized in future papers. Figure 1 illustrates the differential reactivities by ELISA of MAb PS14 and MAb PS15 to various dimorphic fungal antigens. As seen in Fig. 1A , MAb PS14 showed specificity against P. brasiliensis YCA and CF antigen. Figure  1B demonstrates the specific reaction of PS15 against P. brasiliensis CF antigen, with less recognition of YCA. Different dilutions of ascitic fluid were tested, and PS15 was reactive at dilutions as high as 1:64,000. Immunoenzyme development. Figure 2A and B illustrates the patterns of recognition of MAb PS14 and PS15 by Western blot, at dilutions of 1:2,500 and 1:2,000, respectively, against a range of dimorphic fungal antigens. The two MAbs are specific to P. brasiliensis antigens by Western blot and recognized an antigenic determinant with a molecular mass of 22 to 25 kDa which is present in P. brasiliensis YCA, CFA, and CF. There was no evidence of recognition of this molecule in antigen preparations from other dimorphic fungi. When reacted against P. brasiliensis CFA by Western blot, PS14 recognized a 22-to 25-kDa antigen and had low reactivity against a 55-kDa Figure 4 shows the effects of alkaline degradation, periodate oxidation, and enzymatic treatment of P. brasiliensis YCA on the ability of MAb PS14 to recognize the 22-to 25-kDa antigen (PS15 showed similar results [data not shown]). Alkaline degradation and periodate oxidation destroyed the recognition of the 22-to 25-kDa antigenic determinant (Fig. 4, lanes B and C) . Treatment mens was variable (Fig. 5A) , although it was similar for the two MAbs, from an irregular speckled appearance to an even cytoplasmic distribution. Both budding cell and parent cell cytoplasm showed this pattern of labelling. A very small number of cells did not react under these conditions. In some cells there was evidence of cell wall reactivity (Fig. 5A, arrow) . Mycelial forms demonstrated a similar pattern of staining on cryostat sections (data not shown).
PS14 and PS15 were used separately to label by indirect immunofluorescence paraffin-embedded biopsy material from cases of paracoccidioidomycosis, tuberculosis, candidiasis, and cryptococcosis and frozen skin sections of material from cases of other noninfectious granulomatous and fibrotic diseases. The two antibodies demonstrated a similar pattern of labelling, although it was necessary to treat paraffin-embedded tissue with pronase prior to staining. Of particular note was the intense fluorescence demonstrated by the granuloma walls in cases of paracoccidioidomycosis (Fig. 5B) (Fig. 5C, arrow) .
Biopsy material containing granulomas resulting from causes other than paracoccidioidomycosis showed no fluorescent labelling with these MAbs, with the exception of a high-level background staining in amyloid specimens stained with MAb PS14 at a high concentration (1:10 dilution).
Each MAb was used individually as a label in the immunoperoxidase and immuno-alkaline phosphatase staining of paraffin-embedded human biopsy material at dilutions of 1:10 to 1:1,000. Generally, the immuno-alkaline phosphatase staining was less intense (Fig. 5D ), although again in ghost cells within granulomas, there was evidence of cell wall and residual cytoplasm labelling. The immunoperoxidase staining demonstrated clear cytoplasmic reactivity in intact cells (Fig. SE) . In a number of cases, there was evidence of extracellular deposition of antigen (Fig. 5F, arrow) .
DISCUSSION
We report the first successful use of species-specific MAbs to label yeast forms of P. brasiliensis in both frozen and waxembedded histological sections. Previously, the only published report of an attempt to use immunospecific antisera was that by Kaplan (13) , who described the use of polyclonal rabbit sera raised against P. brasiliensis. In that study significant crossreactivity was observed, resulting in the need to cross-adsorb the sera before use. In addition, Kaplan noted that the cross-adsorption needed for each new batch of rabbit sera was different, because of variability in the cross-reactivity pattern from batch to batch.
The direct identification of P. brasiliensis in histological sections can be very difficult. A I .n-* which then adheres to, or is trapped by, the cell membrane of polymorphonuclear cells or macrophages making up the walls of the granuloma. The fact that other granulomas arising from other pathological processes, including those induced by other fungal species, are not reactive strongly suggests that this labelling is specific to P. brasiliensis and is not a result of cross-reactivity. The one exception to this observation would appear to be the background reactivity of PS14 when used in high concentrations against sections containing amyloid. In practice, in terms of immunohistochemical diagnosis, this would not pose a problem, since yeast cells are clearly reactive and the clinical pictures of these diseases are significantly different.
It is of note that in paraffin-embedded sections not all the yeast cytoplasm was reactive. This could be caused by variability in the expression of this antigen by yeast cells or by the presence of ghost cells which have lost cytoplasmic content during the fixation processes. It might also have resulted from the labelling of old, calcified lesions in which the fungus usually appears as an empty shell, or, alternatively, it could be due to epitope destruction by pronase. Multiple conformational changes in the antigens present in a tissue section are induced by fixation processes, and pronase is often used in immunohistochemistry to unmask epitopes. While the recognition of the epitope by MAbs PS14 and PS15 was abolished by incubation with trypsin and elastase, the short incubation period and low concentration of pronase on paraffin-embedded sections used here did not affect recognition. In fact, it was noted that longer periods of incubation with pronase greatly diminished the degree of labelling.
There is some degree of variability in the expression of the 22-to 25-kDa antigen in P. brasiliensis, since in cryostat sections of fresh cultures there are also differences in the labelling of the cytoplasmic content, even within yeast cells from the same isolate. It is possible that frequent subculturing may result in genetic variation, which may have contributed to this observation. However, isolates recently obtained by our laboratory showed the same degree of variability in the expression of the antigen as isolates that we have had for a number of years. Since we have no data on the exact nature and function of this 22-to 25-kDa antigen, the question of differential expression remains unclear. While we have stressed the usefulness of these MAbs in identifying P. brasiliensis infection in biopsy material, they may also be of use in the identification of yeasts in samples obtained by less invasive techniques, such as sputum samples or bronchoalveolar lavage specimens. Work in assessing the suitability of the MAbs in this context is under way.
The complete purification of the 22-to 25-kDa antigen for further analysis has proved difficult. The initial isoelectric focusing appears to be a useful step, but subsequent purification procedures have faltered because MAb reactivity to fractions appears to be rapidly lost. This may be a reflection of the lability of the antigen in vitro. In support of this contention is the observation that the antigenic reactivities of our different P. brasiliensis antigen preparations diminish in direct relation to the length of time that they are stored at -20°C. This apparent lability may also be reflected in the fact that the antigen which is most easily and rapidly prepared (CFA) is the most readily recognized by the MAbs. This does not seem to be a problem in relation to the recognition of the antigen by the MAbs in fixed sections by immunohistochemical techniques.
